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LOCATION DETERMINATION FOR A
SERVICE REQUEST

BACKGROUND

Conventional communication clients configured to com-
municate over a network are associated with a static regis-
tered location. For example, a business communication
client may be associated with a registered location that 1s
mapped to an address of the business. In this case, 1f an
emergency call 1s 1mtiated using the communication client,
the emergency call will be routed to an emergency dis-
patcher or service, such as a public-safety answering point,
along with location information corresponding to the regis-
tered location of the communication client. This causes
emergency services to be dispatched to the registered loca-
tion of the communication client.

However, 1in the event that the communication client 1s
installed on a mobile client device, then the user may utilize
the commumnication client at various locations other than the
registered location of the communication client. For
example, the user may utilize the communication client
while working at home, at a coflee shop, and so forth. In this
scenario, 1if an emergency call 1s 1nmitiated using the commu-
nication client from a location outside of the registered
location of the communication client, the emergency ser-
vices will be dispatched to the registered location even
though the user 1s not currently at the registered location.
The incorrect routing of emergency services increases the
likelihood that the user will be unable to obtain the needed
emergency services, while also wasting the time and
resources of the emergency services which are dispatched to
the wrong location.

SUMMARY

Techniques for location determination for a service
request (e.g., for emergency calling) are described. A service
request, for instance, represents a request for emergency
services. In one or more implementations, user input to
initiate an emergency call over a network 1s received at a
communication client implemented at a client device. The
emergency call 1s established by communicating, to a com-
munication service over the network, data of the emergency
call along with an updated location of the client device.
Doing so causes the communication service to communicate
the data of the emergency call along with the updated
location to a public-safety answering point 1f the updated
location 1s different than a registered location of the com-
munication client.

In one or more implementations, a registered location of
a communication client configured for execution on a client
device 1s maintained. Position information for the client
device 1s obtained from a position information system, and
an updated location of the client device 1s generated based
at least 1n part on the position information. A request for an
updated location of the client device i1s recerved from a
communication service. The request 1s received 1n response
to an emergency call iitiated at the client device. In
response to the request, the registered location of the com-
munication client and the updated location of the client
device are communicated to the communication service.
Doing so causes the communication service to communicate
data of the emergency call along with the updated location
to a public-safety answering point if the updated location 1s
different than the registered location of the communication
client.
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In one or more implementations, data corresponding to an
emergency call 1s received over a network from a commu-
nication client implemented at a client device. A registered
location of the communication client and an updated loca-
tion of the client device 1s obtained, and the updated location
of the client device 1s compared to the registered location of
the communication client. If the updated location 1s different
than the registered location, the data of the emergency call
1s routed along with the updated location to a public-safety
answering point.

This Summary 1s provided to introduce a selection of
concepts 1 a sumplified form that are further described
below 1n the Detailed Description. This Summary 1s not
intended to 1dentify key features or essential features of the
claimed subject matter, nor 1s 1t intended to be used as an aid
in determining the scope of the claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

The detailed description 1s described with reference to the
accompanying figures. In the figures, the left-most digit(s) of
a reference number 1dentifies the figure 1n which the refer-
ence number first appears. The use of the same reference
numbers in different instances in the description and the
figures may indicate similar or 1dentical items.

FIG. 1 1s an 1llustration of an environment 1n an example
implementation that 1s operable to employ techniques for
emergency calling described herein.

FIG. 2 depicts an example implementation scenario for
techniques for emergency calling in accordance with one or
more 1implementations.

FIG. 3 depicts an additional example implementation
scenario for techmques for emergency calling 1n accordance
with one or more implementations.

FIG. 4 depicts an additional example implementation
scenario for techniques for emergency calling in accordance
with one or more implementations.

FIG. 5 1s a flow diagram that describes steps 1n a method
for emergency calling in accordance with one or more
implementations.

FIG. 6 1s a flow diagram that describes steps 1 an
additional method for emergency calling 1n accordance with
one or more 1mplementations.

FIG. 7 1s a flow diagram that describes steps 1 an
additional method for emergency calling 1n accordance with
one or more 1mplementations.

FIG. 8 1illustrates an example system and computing
device as described with reference to FIG. 1, which are
configured to implement various aspects of the techniques
described herein.

DETAILED DESCRIPTION

Techniques for emergency calling are described. Unlike
conventional solutions 1n which emergency calls initiated by
a communication client outside of a registered location are
incorrectly routed to the wrong location or blocked, the
described techniques monitor location information pertain-
ing to a current location of the client device to generate and
maintain an updated location of the client device. When an
emergency call 1s placed by the communication client from
a location outside of the registered location, the described
techniques route the emergency call to an emergency dis-
patch network or public-safety answering point along with
the updated location of the client device. This enables
emergency services to be routed to the user’s current loca-
tion. By causing emergency services to be routed to an
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accurate and updated location of the user, the described
techniques both increase the likelihood of the user receiving
the appropriate emergency services in a timely fashion,
while at the same time reducing instances 1n which the time
and resources of emergency services are wasted by respond-
ing to the wrong the location.

In one or more implementations, user iput to nitiate an
emergency call over a network 1s received at a communi-
cation client implemented at a client device. The emergency
call 1s established by communicating, to a communication
service over the network, data of the emergency call along
with an updated location of the client device. Doing so
causes the communication service to communicate the data
of the emergency call along with the updated location to a
public-safety answering point 1f the updated location 1s
different than a registered location of the communication
client.

In one or more implementations, a registered location of
a communication client configured for execution on a client
device 1s maintained. Position information for the client
device 1s obtained from a position information system, and
an updated location of the client device 1s generated based
at least 1n part on the position information. A request for an
updated location of the client device 1s received from a
communication service. The request 1s recerved 1n response
to an emergency call mitiated at the client device. In
response to the request, the registered location of the com-
munication client and the updated location of the client
device 1s communicated to the communication service.
Doing so causes the communication service to communicate
data of the emergency call along with the updated location
to a public-safety answering point if the updated location 1s
different than the registered location of the communication
client.

In one or more implementations, data corresponding to an
emergency call 1s received over a network from a commu-
nication client implemented at a client device. A registered
location of the communication client and an updated loca-
tion of the client device 1s obtained, and the updated location
of the client device 1s compared to the registered location of
the communication client. If the updated location 1s different
than the registered location, the data of the emergency call
1s routed along with the updated location to a public-satety
answering point.

FIG. 1 1s an illustration of an environment 100 1n an
example implementation that 1s operable to employ tech-
niques for emergency calling described herein.

The environment 100 includes a communication network
102 (“‘network 102), which 1s representative of different
connected components that exchange, process, and/or route
data to enable diflerent forms of communication. Examples
of the network 102 include a local access network (LAN),
wide area network (WAN), the Internet, a wireless cellular
communication network, a Public Switched Telephone Net-
work (PSTN), an Internet of Things (IoT) network, and
combinations thereof. The network 102, for instance, rep-
resents a combination of interconnected wireless and wired
networks that enable communication at various geographic
locations and via a vanety of different communication
modalities.

Connected to the network 102 1s a client device 104,
which 1s representative of an end-user device configured to
communicate via the network 102. The client device 104
may be configured in a variety of ways, such as a wireless
cellular phone (e.g., a smartphone), a tablet, a laptop, and so
forth. One example implementation of the client device 104
1s presented below as the computing device 802 of FIG. 8.
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The client device 104 includes a communication client
106, which 1s representative of functionality to enable dif-
ferent forms of communication via the client device 104.
Examples of the communication client 106 include a voice
communication application (e.g., a Voice over Internet Pro-
tocol (VoIP) client), a video communication application, a
messaging application, a content sharing application, and
combinations thereof. The communication client 106, for
instance, enables different communication modalities to be
combined to provide diverse communication scenarios. In at
least some 1mplementations, the commumnication client 106
represents an application that 1s installed on the client device
104. Additionally or alternatively, the communication client
106 can be implemented all or 1n part as a remote applica-
tion, such as accessed via a web browser, a web application,
and so forth.

According to various implementations, the communica-
tion client 106 1s configured to enable various types of
communication via interaction with a communication ser-
vice 108. For example, the communication client 106 and
the communication service 108 may enable communication
of “over-the-top” content (O1T). The communication ser-
vice 108 1s representative of a service to perform various
tasks for management of communication between the client
device 104 and other entities, e.g., other client devices. The
communication service 108, for mstance, can manage 1ni-
tiation, moderation, and termination ol communication ses-
sions for the client device 104. Examples of the communi-
cation service 108 include a WVoIP service, an online
conferencing service, a unified communications and col-
laboration (UC&C) service, and so forth. In at least some
implementations, the communication service 108 may be
implemented as and/or be connected to a private branch
exchange (PBX) in communication with a Public Switched
Telephone Network (“PSTN™) to enable voice communica-
tion between the client device 104 and other devices and/or
services. The client device 104 further includes a commu-
nication module 110 which 1s representative of functionality
for enabling the client device 104 to communicate data via
wired and/or wireless connectivity to the network 102.

In various implementations, the communication client
106 1s configured to enable communication of an emergency
call to an emergency dispatcher or emergency service, such
as a public-safety answering point 112 via interaction with
the communication service 108. Public-safety answering
point 112 (sometimes called a “public-safety access point™),
1s a call center responsible for answering calls to an emer-
gency telephone number for police, firefighting, and ambu-
lance services, such as when the user dials “911”. Trained
telephone operators are also usually responsible for dis-
patching these emergency services by routing the call to the
appropriate emergency service such that the emergency
services are dispatched.

In one or more implementations, the communication
client 106 1s associated with a user profile 114, which
represents a way of authenticating a particular user with the
communication client 106 and the communication service
108, and for tracking user-specific authentication informa-
tion (e.g., username, password, and so forth), user settings,
contacts, and other data for the user. In at least some
implementations, the user profile 114 1s portable such that
the user can authenticate with a different instance of the
communication client 106, and make calls via the diflerent
instance of the communication client 106 that are identified
as being connected with the user profile 114.

The user profile 114 may include a registered location 116
of the communication client 106, such as a registered
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address of the communication client 106. For example, the
user may provide a registered address to the communication
client 106 in during a registration process to activate the
communication client 106. In one or more implementations,
the communication client 106 corresponds to a business
communication client, in which case the registered location
116 may correspond to a business address. In other
instances, however, the registered location 116 may corre-
spond to an address other than a business address, such as an
address of the user’s home.

Environment 100 further includes a location module 118
which 1s representative of functionality for receiving, trans-
mitting, and/or processing location information. The loca-
tion module 118, for mstance, supports transmission, recep-
tion, and processing of position information according to a
variety of diflerent technologies, such as Global Positioning,
System (GPS), cellular communication, WiF1™, satellite
communication, radio frequency (RF) communication, sub-
net information, Ethernet switch and/or port data, Internet
Protocol (IP) address information, and so forth.

According to various implementations, the location mod-
ule 118 can communicate with a position information system
120 to obtain position mnformation for the client device 104.
The position information system 120 1s representative of
various types ol position information systems that can
transmit and/or receirve position information. Examples of
the position information system 120 include GPS satellites,
cellular telephone networks, wireless data (e.g., WiF1™)
networks, location information services (LIS), radio 1Ire-
quency 1dentifier (RFID) functionality, subnets of wired
networks, Ethernet switches and/or ports, and so forth. In
this example, the location module 118 can be implemented
at the communication service 108 and/or at the client device
104, or as a remote third party service.

Generally, the location module 118 generates and main-
tains an updated location of the client device 104, which
may be more accurate than the registered location 116 of the
communication client 106. The location module 118 can
then provide the updated location to the communication
client 106 and/or the communication service 108. In this
way, unlike conventional solutions 1n which emergency calls
iitiated outside of a registered location are incorrectly
routed to the wrong location or blocked, the described
techniques communicate the updated location of the client
device along with the emergency call to the emergency
services, or a proxy thereof such as public-safety answering
point 112. In this way, emergency services are dispatched to
the updated location of the client device 104 even 1n cases
where the client device 1s outside of the registered location
116.

While described techniques will be discussed with regards
to communicating an updated location of a client device for
an emergency call, the techniques may also be applied to
other “high priority” communication sessions which are
communicated to endpoints other than the public-satety
answering point 112.

Having described an example environment in which the
techniques described herein may operate, consider now a
discussion of some example implementation scenarios for
emergency calling in accordance with one or more 1mple-
mentations.

The following section describes example implementation
scenarios for emergency calling. The implementation sce-
narios may be implemented 1n the environment 100 dis-
cussed above, the system 800 described below, and/or any
other suitable environment.
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FIG. 2 depicts an example implementation scenario 200
for techniques for emergency calling 1n accordance with one
or more 1mplementations. While the scenario 200 1s 1llus-
trated as being implemented 1n the environment 100 intro-
duced above, 1t 1s to be appreciated that various aspects of
the scenario 200 may be 1n any other suitable environment.

In scenario 200, location module 118 maintains registered
locations 116 for communication clients 106. As discussed
above, the registered location 116 of the communication
client 106 generally represents a registered address of the
communication client 106. For example, the user may
provide a registered address to the communication client 106
in order to activate the communication client. In one or more
implementations, the communication client 106 corresponds
to a business communication client, in which case the
registered location 116 may correspond to a business
address. In other 1instances, however, the registered location
116 may correspond to an address other than a business
address, such as an address of the user’s home.

The location module 118 1s further configured to com-
municate with position mformation system 120 to obtain
position information for the client device 104. The position
information system 120 1s representative of various types of
position information systems that can transmit and/or
receive position information. Examples of the position infor-
mation system 120 include GPS satellites, cellular telephone
networks, wireless data (e.g., WiF1™) networks, location
information services (LIS), radio {requency identifier
(RFID) functionality, subnets of wired networks, Ethernet
switches and/or ports, and so forth. As discussed throughout,
the location module 118 can be implemented at the com-
munication service 108 and/or at the client device 104, or as
a remote third party service.

The location module 118 generates and maintains an
updated location 202 of the client device 104 based on the
position information received from the position information
system 120. Generally, the updated location 202 of client
device 104 1s more accurate than the registered location 116
of the communication client 106. The updated location 202
may be generated by the location module 118 based on a
variety of different types of position information received
from position information system 120. The location module
118, for instance, supports transmission, reception, and
processing ol position information according to a variety of
different technologies, such as Global Positioning System
(GPS), cellular communication, WiF1™, satellite communi-
cation, radio frequency (RF) communication, subnet infor-
mation, Ethernet switch and/or port data, Internet Protocol
(IP) address information, and so forth.

In one or more implementations, the location module 118
may be further configured to generate a reliability metric
204 1ndicating a reliability or accuracy of the updated
location 202. For example, based on the position informa-
tion recerved from the position information system 120, the
location module 118 can determine a rehability of the
updated location 202. For example, in cases where the
updated location 1s based on GPS data, the reliability metric
204 will indicate a high reliability or accuracy of the updated
location 202. In other cases, the location module 118 may be
able to determine that the client device 104 1s not currently
at the registered location 116, but may be unable to deter-
mine an accurate updated location 202. In this case, the
reliability metric 204 may indicate a low reliability or
accuracy of the updated location 202.

FIG. 3 depicts an additional example implementation
scenar1o 300 for emergency calling 1n accordance with one
or more 1mplementations. While the scenario 300 1s 1llus-
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trated as being implemented 1n the environment 100 intro-
duced above, it 1s to be appreciated that various aspects of
the scenario 300 may be in any other suitable environment.

In scenario 300, a communication client 106 implemented
at a client device 104 1nitiates an emergency call 302. For
example, an emergency call 302 can be mitiated when user
iput to initiate an emergency call 302 1s received by
communication client 106 implemented at client device 104,
such as when the user dials an emergency phone number
(e.g., “9117) into a user iterface of the communication
client 106 or selects an emergency call control.

Client device 104 establishes the emergency call 302 by
communicating data 304 of the emergency call 302 to the
communication service 108 via network 102. The commu-
nication service 108 receives the data 304 of the emergency
call 302 from client device 104 wvia network 102, and
identifies the call as corresponding to an emergency call.

The communication service 108 then determines whether

the client device 104 1s currently located at the registered
location 116 of the communication client 106. To do so, the
communication service 124 obtains the registered location
116 of the communication client 106 and the updated
location 202 of the client device 104. In one or more
implementations, the communication service 108 obtains the
registered location 116 and updated location 202 by com-
municating a request to the location module 118. The
location module 118, as discussed throughout, may be
implemented at the communication service 108, or remote
from the communication service 108, such as at the client
device 104 or at a remote third party service. In cases 1n
which the location module 118 1s implemented at the client
device 104, the communication client 106 may include the
updated location 202 along with the data 304 of the emer-
gency call 302 communicated to the communication service
108.

Next, the communication service 108 compares the
updated location 202 to the registered location 116. If the
updated location 202 1s different than the registered location
116, then the communication service determines that the
client device 104 1s currently located outside of the regis-
tered location 116. The communication service 108 then
routes the data 304 of the emergency call 302 along with the
updated location 202 of the client device 104 to the emer-
gency dispatcher or service, or proxy thereof, such as
public-safety answering point 112.

The public-safety answering point 112 receives the data
304 of emergency call 302 and the updated location 202, and
determines the current location of the user based on the
updated location 202. The public-safety answering point 112
can then dispatch emergency services (e.g., police services,
fire-fighting services, or ambulance services) to the updated
location 202 of client device 104. Doing so prevents the
emergency call from being blocked or routed to the wrong
location.

In one or more implementations, the communication
service 108 1s configured to communicate both the updated
location 202 along with the registered location 116 with data
304 of the emergency call 302 to the public-safety answering
point 112. The registered location 116 can be communicated
to the public-safety answering point for regulatory compli-
ance and/or verification purposes. In this case, the updated
location 202 and the registered location 116 can be 1dentified
as such, so that the public-safety answering point 112
utilizes the updated location 202 for dispatching the emer-
gency services and utilizes the registered location 116 for
regulatory compliance and/or verification purposes.
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In some cases, the communication service 108 may deter-
mine that that the updated location 202 matches the regis-
tered location 116. In this case, the communication service
108 may route the data 304 of the emergency call 302 to the
public-satety answering point 112 along with the registered
location 116.

In one or more implementations, the communication
service 108 determines whether or not to include the updated
location 202 with the data 304 of the emergency call 302
based at least 1n part on the reliability metric 204 associated
with the updated location 202.

As an example, consider FIG. 4 which depicts an addi-
tional example implementation scenario 400 for emergency
calling 1n accordance with one or more implementations.
While the scenario 400 1s illustrated as being implemented
in the environment 100 introduced above, it 1s to be appre-
ciated that various aspects of the scenario 400 may be 1n any
other suitable environment.

In scenario 400, the communication client 106 obtains the
updated location 202 and the corresponding reliability met-
ric 204 from the location module 118. At 402, the commu-
nication client 106 determines whether the reliability metric
1s above a reliability threshold. For example, the reliability
metric 204 may be above the reliability threshold if the
reliability metric 204 corresponds to a high reliability,
whereas the reliability metric may be below the reliability
threshold 11 the reliability metric 204 corresponds to a low
reliability. Notably, i1 the reliability metric 204 1s above the
reliability threshold, then this indicates that the client device
104 1s likely at the updated location 202, whereas 1f the
reliability metric 204 1s below the reliability threshold, then
this may indicate that the location module 118 1s unable to
accurately determine the current location of the client device
104.

As discussed above, 1n cases where the updated location
202 1s based on GPS data, the reliability metric 204 will
indicate a high reliability or accuracy of the updated location
202. In other cases, the location module 118 may be able to
determine that the client device 104 1s not currently at the
registered location 116, but may be unable to determine an
accurate updated location 202. In this case, the rehability
metric 204 may indicate a low reliability or accuracy of the
updated location 202.

At 404, if the rehability metric 204 1s above the rehability
threshold, then communication client 106 routes the data
304 of the emergency call 302 to the public-safety answering
point 112 along with the updated location 202. As discussed
above, 1 some cases the registered location 116 may also be
included for regulatory compliance.

Alternately, at 406, if the reliability metric 204 1s below
the reliability threshold, then the communication client 106
determines that the updated location 202 cannot be reliably
determined. In this event, the communication service 108
may be configured to take a varniety of diflerent actions.

In one or more 1mplementations, at 408, the communica-
tion service 108 routes the emergency call 302 to the
public-safety answering point 112 with an indication or
schema that the user 1s not at the registered location but the
updated location 1s unknown. For example, the location
module 118 may be able to reliably determine that the client
device 1s not at the registered location, but be unable to
determine an accurate updated location 202. For example,
based on base station information indicating that the user 1s
in San Francisco, the location module 118 can reliably
determine that the user 1s not at the registered location 116
in Seattle. However, there may be no GPS data available to
the location module 118 and/or the location module 118 may
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be unable to trnangulate the current location of the client
device 104. Thus, 1n this scenario, the location module 118
can reliably determine that the user 1s not at the registered
location, but 1s unable to determine a reliable updated
location 202.

This indication or schema may cause the public-safety
answering point 112 to query the communication client 106
in order to determine the updated address, or indicate such
a query should be performed once connecting the call to the
appropriate responders. For example, the indication pro-
vided by the communication service 108 notifies the public-
safety answering point that the user 1s not at the registered
location 116, but that the current location of the user 1s
unknown. As such, once the public-safety answering point
or the appropriate responders answer the emergency call
302, the first thing they will do 1s ask the user for their
current location. I1 the user answers the emergency call and
provides their current location, then the emergency services
may be dispatched to the user provided location.

Alternately, 1n one or more implementations, at 410 the
communication service 108 may block the emergency call
302 if the reliability metric 1s below the reliability threshold
in order to prevent the emergency services irom being
dispatched to the wrong location.

Having discussed various example implementation sce-
narios, consider now some example procedures 1n accor-
dance with one or more implementations.

The following discussion describes some example proce-
dures for emergency calling 1n accordance with one or more
implementations. The example procedures may be
employed 1n the environment 100 of FIG. 1, the system 800
of FIG. 8, and/or any other suitable environment. The
procedures, for mstance, represent example procedures for
implementation of the scenarios described above. In at least
some 1mplementations, the steps described for the various
procedures can be implemented automatically and indepen-
dent of user interaction.

FIG. 5 15 a flow diagram that describes steps 1n a method
500 for emergency calling 1n accordance with one or more
implementations. In one or more implementations the
method 500 describes steps implemented by a communica-
tion client, such as communication client 106 at a client
device 104.

At 502, user mput to 1nitiate an emergency call over a
network 1s received at a communication client implemented
at a client device. For example, communication client 106,
implemented at client device 104, receives user mput to
initiate an emergency call 302 over a network 102, such as
when the user dials “911”.

At 504, the emergency call 1s established by communi-
cating, to a communication service over the network, data of
the emergency call along with an updated location of the
client device. The communicating causes the communica-
tion service to communicate the data of the emergency call
along with the updated location to a public-safety answering
point if the updated location 1s different than a registered
location of the communication client. For example, com-
munication client 106 establishes the emergency call 302 by
causing client device 104 to communicate, to communica-
tion service 108 over network 102, data 304 of the emer-
gency call 302 along with an updated location 202 of the
client device 104. The communicating causes the commu-
nication service 108 to communicate the data 304 of the
emergency call 302 along with the updated location 202 to
a public-safety answering point 112 i1 the updated location
202 1s different than a registered location 116 of the com-
munication client 106. Doing so causes the public-safety
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answering point to dispatch emergency services (e.g., police
or an ambulance) to the updated location 202 of client device

104.

FIG. 6 1s a flow diagram that describes steps in an
additional method 600 for emergency calling 1n accordance
with one or more implementations. In one or more 1mple-
mentations the method 600 describes steps implemented by
a location module, such as location module 118 i1mple-
mented at communication service 108 and/or client device
104.

At 602, a registered location of a communication client
configured for execution on a client device 1s maintained.
For example, location module 118 maintains a registered
location 116 of a communication client 106 configured for
execution on a client device 104. In one or more implemen-
tations, the registered location 116 corresponds to a business
address or home address associated with the communication

client 106.

At 604, position mformation for the client device 1is
obtained from a position information system. For example,
location module 118 obtains position information for the
client device 104 from a position mnformation system 120.
The position information may include a variety of different
types ol information usable to identily a location of the
client device 104, such as GPS data.

At 606, an updated location of the client device 1s
generated based at least 1n part on the position information.
For example, location module 118 generates an updated
location 202 of the client device based at least 1n part on the
position information obtained from position nformation
system 120. In one or more implementations, the location
module 118 may also generate a reliability metric 204
indicating a reliability of the updated location 202.

At 608, a request for an updated location of the client
device 1s recerved from a communication service. The
request from the commumication service i1s 1nitiated in
response to an emergency call being initiated at the client
device. For example, location module 118 receives a request
for the updated location 202 of the client device 104 from
communication service 108 in response to an emergency call
302 being imitiated at the client device 104.

At 610, 1n response to the request, the registered location
of the communication client and the updated location of the
client device 1s communicated to the communication ser-
vice, which causes the communication service to commu-
nicate data of the emergency call along with the updated
location to a public-safety answering point if the updated
location 1s different than the registered location of the
communication client. For example, location module 118
communicates the registered location 116 of the communi-
cation client 106 and the updated location 202 of the client
device 104 to the communication service 108. Doing so
causes the communication service 108 to communicate data
304 of the emergency call 302 along with the updated
location 202 to a public-safety answering 112 point 1 the
updated location 202 1s different than the registered location
116 of the communication client 106. Doing so causes the
public-safety answering point 112 to dispatch emergency
services (e.g., police or an ambulance) to the updated
location 202 of client device 104.

FIG. 7 1s a flow diagram that describes steps 1 an
additional method 700 for emergency calling in accordance
with one or more implementations. In one or more 1mple-
mentations the method 700 describes steps implemented by
a communication service, such as communication service

108.
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At 702, data corresponding to an emergency call 1s
received at a communication service over a network from a
communication client implemented at a client device. For
example, communication service 108 receives data 304
corresponding to an emergency call 302 over network 102
from a communication client 106 implemented at a client
device 104.

At 704, a registered location of the communication client
and an updated location of the client device 1s obtained. For
example, communication service 108 obtains registered
location 116 of the communication client 106 and updated
location 202 of the client device 104.

At 706, the updated location of the client device 1s
compared to the registered location of the communication
client, and at 708, 11 the updated location 1s different than the
registered location, the data of the emergency call 1s routed
along with the updated location to a public-safety answering
point. For example, communication service 108 compares
the updated location 202 of the client device 104 to the
registered location 116 of the communication client 106. IT
the updated location 202 1s different than the registered
location 116, the communication service 108 routes the data
304 of the emergency call and the updated location 202 to
public-satety answering point 112. Doing so causes the
public-safety answering point 112 to dispatch emergency
services (e.g., police or an ambulance) to the updated
location 202 of client device 104.

FIG. 8 1llustrates an example system generally at 800 that
includes an example computing device 802 that 1s represen-
tative of one or more computing systems and/or devices that
may 1mplement various techniques described herein. For
example, the client device 104 discussed above with refer-
ence to FIG. 1 can be embodied as the computing device
802. The computing device 802 may be, for example, a
server ol a service provider, a device associated with the
client (e.g., a client device), an on-chip system, and/or any
other suitable computing device, apparatus, and/or comput-
ing system.

The example computing device 802 as 1llustrated includes
a processing system 804, one or more computer-readable
media 806, and one or more I/O Interfaces 808 that are
communicatively coupled, one to another. Although not
shown, the computing device 802 may further include a
system bus or other data and command transfer system that
couples the various components, one to another. A system
bus can include any one or combination of different bus
structures, such as a memory bus or memory controller, a
peripheral bus, a umiversal serial bus, and/or a processor or
local bus that utilizes any of a variety of bus architectures.
A variety of other examples are also contemplated, such as
control and data lines.

The processing system 804 1s representative of function-
ality to perform one or more operations using hardware.
Accordingly, the processing system 804 i1s illustrated as
including hardware element 810 that may be configured as
processors, functional blocks, and so forth. This may include
implementation 1n hardware as an application specific inte-
grated circuit or other logic device formed using one or more
semiconductors. The hardware elements 810 are not limited
by the matenals from which they are formed or the process-
ing mechanisms employed therein. For example, processors
may be comprised of semiconductor(s) and/or transistors
(e.g., electronic integrated circuits (ICs)). In such a context,
processor-executable instructions may be electronically-ex-
ecutable 1nstructions.

The computer-readable media 806 1s illustrated as includ-
ing memory/storage 812. The memory/storage 812 repre-

10

15

20

25

30

35

40

45

50

55

60

65

12

sents memory/storage capacity associated with one or more
computer-readable media. The memory/storage 812 may
include volatile media (such as random access memory
(RAM)) and/or nonvolatile media (such as read only
memory (ROM), Flash memory, optical disks, magnetic
disks, and so forth). The memory/storage 812 may include
fixed media (e.g., RAM, ROM, a fixed hard drive, and so on)
as well as removable media (e.g., Flash memory, a remov-
able hard drive, an optical disc, and so forth). The computer-
readable media 806 may be configured 1n a variety of other
ways as further described below.

Input/output interface(s) 808 are representative of func-
tionality to allow a user to enter commands and information
to computing device 802, and also allow information to be
presented to the user and/or other components or devices
using various input/output devices. Examples of input
devices include a keyboard, a cursor control device (e.g., a
mouse), a microphone (e.g., for implementing voice and/or

spoken 1nput), a scanner, touch functionality (e.g., capacitive
or other sensors that are configured to detect physical touch),
a camera (e.g., which may employ visible or non-visible
wavelengths such as infrared frequencies to detect move-
ment that does not involve touch as gestures), and so forth.
Examples of output devices include a display device (e.g., a
monitor or projector), speakers, a printer, a network card,
tactile-response device, and so forth. Thus, the computing
device 802 may be configured 1n a variety of ways as further
described below to support user interaction.

Various techniques may be described herein 1n the general
context of soltware, hardware elements, or program mod-
ules. Generally, such modules include routines, programs,
objects, elements, components, data structures, and so forth
that perform particular tasks or implement particular abstract
data types. The terms “module,” “functionality,” and “com-
ponent” as used herein generally represent software, firm-
ware, hardware, or a combination thereof. The features of
the techniques described herein are platform-independent,
meaning that the techniques may be implemented on a
variety of commercial computing platforms having a variety
ol processors.

An 1mplementation of the described modules and tech-
niques may be stored on or transmitted across some form of
computer-readable media. The computer-readable media
may include a variety of media that may be accessed by the
computing device 802. By way of example, and not limita-
tion, computer-readable media may include “computer-read-
able storage media” and “computer-readable signal media.”

“Computer-readable storage media” may refer to media
and/or devices that enable persistent storage of information
in conftrast to mere signal transmission, carrier waves, or
signals per se. Computer-readable storage media do not
include signals per se. The computer-readable storage media
includes hardware such as volatile and non-volatile, remov-
able and non-removable media and/or storage devices
implemented 1n a method or technology suitable for storage
of mformation such as computer readable mstructions, data
structures, program modules, logic elements/circuits, or
other data. Examples of computer-readable storage media
may include, but are not limited to, RAM, ROM, EEPROM,
flash memory or other memory technology, CD-ROM, digi-
tal versatile disks (DVD) or other optical storage, hard disks,
magnetic cassettes, magnetic tape, magnetic disk storage or
other magnetic storage devices, or other storage device,
tangible media, or article of manufacture suitable to store the
desired information and which may be accessed by a com-
puter.
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“Computer-readable signal media” may refer to a signal-
bearing medium that 1s configured to transmuit instructions to
the hardware of the computing device 802, such as via a
network. Signal media typically may embody computer
readable instructions, data structures, program modules, or
other data 1n a modulated data signal, such as carrier waves,
data signals, or other transport mechanism. Signal media
also include any information delivery media. The term
“modulated data signal” means a signal that has one or more
of 1ts characteristics set or changed 1n such a manner as to
encode information 1n the signal. By way of example, and
not limitation, communication media include wired media
such as a wired network or direct-wired connection, and
wireless media such as acoustic, RF, infrared, and other
wireless media.

As previously described, hardware elements 810 and
computer-readable media 806 are representative of instruc-
tions, modules, programmable device logic and/or fixed
device logic implemented 1n a hardware form that may be
employed 1n some embodiments to implement at least some
aspects of the technmiques described herein. Hardware ele-
ments may include components of an integrated circuit or
on-chip system, an application-specific integrated circuit
(ASIC), a field-programmable gate array (FPGA), a com-
plex programmable logic device (CPLD), and other imple-
mentations 1n silicon or other hardware devices. In this
context, a hardware element may operate as a processing
device that performs program tasks defined by 1nstructions,
modules, and/or logic embodied by the hardware element as
well as a hardware device utilized to store instructions for
execution, e¢.g., the computer-readable storage media
described previously.

Combinations of the foregoing may also be employed to
implement various techniques and modules described
herein. Accordingly, software, hardware, or program mod-
ules and other program modules may be implemented as one
or more 1structions and/or logic embodied on some form of
computer-readable storage media and/or by one or more
hardware elements 810. The computing device 802 may be
configured to implement particular instructions and/or func-
tions corresponding to the software and/or hardware mod-
ules. Accordingly, implementation of modules as an module
that 1s executable by the computing device 802 as software
may be achieved at least partially in hardware, e.g., through
use of computer-readable storage media and/or hardware
clements 810 of the processing system. The instructions
and/or functions may be executable/operable by one or more
articles of manufacture (for example, one or more comput-
ing devices 802 and/or processing systems 804) to imple-
ment techniques, modules, and examples described herein.

As further illustrated in FIG. 8, the example system 800
enables ubiquitous environments for a seamless user expe-
rience when running applications on a personal computer
(PC), a television device, and/or a mobile device. Services
and applications run substantially similar 1n all three envi-
ronments for a common user experience when transitioning,
from one device to the next while utilizing an application,
playing a video game, watching a video, and so on.

In the example system 800, multiple devices are inter-
connected through a central computing device. The central
computing device may be local to the multiple devices or
may be located remotely from the multiple devices. In one
embodiment, the central computing device may be a cloud
of one or more server computers that are connected to the
multiple devices through a network, the Internet, or other
data communication link.
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In one implementation, this interconnection architecture
enables functionality to be delivered across multiple devices
to provide a common and seamless experience to a user of
the multiple devices. Each of the multiple devices may have
different physical requirements and capabilities, and the
central computing device uses a platform to enable the
delivery of an experience to the device that 1s both tailored
to the device and yet common to all devices. In one
embodiment, a class of target devices 1s created and expe-
riences are tailored to the generic class of devices. A class of
devices may be defined by physical features, types of usage,
or other common characteristics of the devices.

In various implementations, the computing device 802
may assume a variety of diflerent configurations, such as for
computer 814, mobile 816, and television 818 uses. Each of
these configurations includes devices that may have gener-
ally diflerent constructs and capabilities, and thus the com-
puting device 802 may be configured according to one or
more of the different device classes. For instance, the
computing device 802 may be implemented as the computer
814 class of a device that includes a personal computer,
desktop computer, a multi-screen computer, laptop com-
puter, netbook, and so on.

The computing device 802 may also be implemented as
the mobile 816 class of device that includes mobile devices,
such as a mobile phone, wearable device, portable music
player, portable gaming device, a tablet computer, a multi-
screen computer, and so on. The computing device 802 may
also be implemented as the television 818 class of device
that includes devices having or connected to generally larger
screens 1n casual viewing environments. These devices
include televisions, set-top boxes, gaming consoles, and so
on.

The techniques described herein may be supported by
these various configurations of the computing device 802
and are not limited to the specific examples of the techniques
described herein. For example, functionalities discussed
with reference to the client device 104, the communication
service 124, and/or the quality service 126 may be imple-
mented all or in part through use of a distributed system,
such as over a “cloud” 820 via a platform 822 as described
below.

The cloud 820 includes and/or 1s representative of a
platiorm 822 for resources 824. The platiorm 822 abstracts
underlying functionality of hardware (e.g., servers) and
soltware resources of the cloud 820. The resources 824 may
include applications and/or data that can be utilized while
computer processing 1s executed on servers that are remote
from the computing device 802. Resources 824 can also
include services provided over the Internet and/or through a
subscriber network, such as a cellular or Wi-F1™ network.

The platform 822 may abstract resources and functions to
connect the computing device 802 with other computing
devices. The platform 822 may also serve to abstract scaling
ol resources to provide a corresponding level of scale to
encountered demand for the resources 824 that are imple-
mented via the platform 822. Accordingly, 1in an intercon-
nected device embodiment, implementation of functionality
described herein may be distributed throughout the system
800. For example, the functionality may be implemented 1n
part on the computing device 802 as well as via the platform
822 that abstracts the functionality of the cloud 820.

Discussed herein are a number of methods that may be
implemented to perform techniques discussed herein.
Aspects of the methods may be implemented 1n hardware,
firmware, or software, or a combination thereof. The meth-
ods are shown as a set of blocks that specily operations
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performed by one or more devices and are not necessarily
limited to the orders shown for performing the operations by
the respective blocks. Further, an operation shown with
respect to a particular method may be combined and/or
interchanged with an operation of a different method in
accordance with one or more implementations. Aspects of
the methods can be implemented via interaction between
various entities discussed above with reference to the envi-
ronment 100.

Example implementations described herein include, but
are not limited to, one or any combinations of one or more
of the following examples.

In one or more examples, a method implemented by a
communication service implemented at one or more com-
puting devices comprises: receiving, over a network from a
communication client implemented at a client device, data
corresponding to an emergency call; obtaining a registered
location of the communication client and an updated loca-
tion of the client device; comparing the updated location of
the client device to the registered location of the communi-
cation client; and 1f the updated location 1s different than the
registered location, routing the data of the emergency call
along with the updated location to a public-safety answering
point.

An example as described alone or in combination with
any of the other examples described above or below, further
comprising routing the data of the emergency call along with
both the updated location and the registered location to the
public-safety answering point.

An example as described alone or in combination with
any of the other examples described above or below,
wherein the registered location 1s routed to the public-safety
answering point for regulatory compliance.

An example as described alone or in combination with
any of the other examples described above or below, further
comprising, 1 the updated location 1s the same as the
registered location, routing the data of the emergency call
with the registered location of the communication client.

An example as described alone or in combination with
any of the other examples described above or below,
wherein the updated location of the communication client 1s
received from the client device along with the data of the
emergency call.

An example as described alone or in combination with
any of the other examples described above or below,
wherein the updated location of the client device 1s recerved
from a location module implemented remote from the client
device.

An example as described alone or in combination with
any of the other examples described above or below,
wherein the registered location comprises a business address
associated with the communication client.

An example as described alone or in combination with
any of the other examples described above or below,
wherein the updated location 1s generated based on location
information received from a position mformation system.

An example as described alone or in combination with
any of the other examples described above or below, further
comprising obtaining a reliability metric indicating a reli-
ability of the updated location, the reliability metric based at
least 1n part on the location information received from the
position mformation system.

An example as described alone or in combination with
any of the other examples described above or below, further
comprising: comparing the reliability metric to a reliability
threshold; and routing the data of the emergency call along,
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with the updated location to the public-safety answering
point 11 the rehability metric 1s above the reliability thresh-
old.

An example as described alone or in combination with
any of the other examples described above or below, further
comprising, 1f the reliability metric 1s below the reliability
threshold, routing the data of the emergency call to the
public-safety answering point with an indication that the
client device 1s not at the registered location but the updated
location 1s unknown.

An example as described alone or in combination with
any of the other examples described above or below,
wherein the indication causes the public-safety answering
point to query the communication client for the updated
location.

An example as described alone or in combination with
any of the other examples described above or below, further
comprising, 1f the reliability metric 1s below the reliability
threshold, blocking the emergency call.

In one or more examples, one or more computer-readable
storage devices have instructions stored therecon that,
responsive to execution by one or more processors, imple-
ment a location module that 1s configured to perform opera-
tions comprising: maintaining a registered location of a
communication client configured for execution on a client
device; obtaining position information for the client device
from a position mformation system; generating an updated
location of the client device based at least in part on the
position information; receiving a request for the updated
location of the client device from a communication service,
the request from the communication client mitiated in
response to an emergency call mitiated at the client device;
in response to the request, communicating the registered
location of the communication client and the updated loca-
tion of the client device to the communication service, the
communicating causing the communication service to com-
municate data of the emergency call along with the updated
location to a public-safety answering point if the updated
location 1s different than the registered location of the
communication client.

An example as described alone or in combination with
any of the other examples described above or below,
wherein the location module 1s further configured to perform
operations comprising generating a reliability metric of the
updated location based at least in part on the position
information received from the position information system,
the reliability metric indicating a reliability of the updated
location.

An example as described alone or in combination with
any of the other examples described above or below,
wherein the location module 1s implemented at the client
device.

An example as described alone or in combination with
any of the other examples described above or below,
wherein the location module 1s implemented at the commu-
nication service.

An example as described alone or in combination with
any of the other examples described above or below,
wherein the location module 1s further configured to perform
operations comprising providing the registered location of
the communication client along with the updated location of
the client device to the communication service in response
to the request.

In one or more examples, a client device comprises: at
least one processor; and one or more computer-readable
storage media including instructions stored thereon that,
responsive to execution by the at least one processor, imple-
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ment a communication client, the communication client
configured to perform operations comprising: receiving, at
the communication client, user input to i1nitiate an emer-
gency call over a network; and establishing the emergency
call by commumnicating, to a communication service over the
network, data of the emergency call along with an updated
location of the client device, the communicating causing the
communication service to communicate the data of the
emergency call along with the updated location to a public-
safety answering point 1f the updated location 1s different
than a registered location of the communication client.

An example as described alone or in combination with
any of the other examples described above or below,
wherein the updated location of the client device 1s gener-
ated based on position information received from a position
information system, and wherein the registered location
comprises a business address associated with the commu-
nication client.

Although the example implementations have been
described 1 language specific to structural features and/or
methodological acts, 1t 1s to be understood that the 1mple-
mentations defined 1n the appended claims 1s not necessarily
limited to the specific features or acts described. Rather, the
specific features and acts are disclosed as example forms of
implementing the claimed features.

What 1s claimed 1s:

1. A method comprising;

receiving, over a network from a communication client

implemented at a client device, data corresponding to a
service request;

obtaining a registered location of the commumnication

client, an updated location of the client device, and a
reliability metric indicating a reliability of the updated
location of the client device:

comparing the updated location of the client device to the

registered location of the communication client to
determine that the updated location 1s diflerent than the
registered location; and

determining whether to route the data of the service

request along with the updated location to an answering

pomnt based on whether the reliability metric for the

updated location 1s above a reliability threshold, includ-

ng:

routing the data of the service request along with the
updated location to the answering point based on
determining that the reliability metric 1s above the
reliability threshold; or

determining that the updated location cannot reliably be
determined based on determining that the reliability
metric 1s below the reliability threshold.

2. The method of claim 1, further comprising routing the
data of the service request along with both the updated
location and the registered location to the answering point
based on determining that the reliability metric 1s above the
reliability threshold.

3. The method of claim 2, wherein the registered location
1s routed to the answering point for regulatory compliance.

4. The method of claim 1, further comprising, 1t the
updated location 1s the same as the registered location,
routing the data of the service request with the registered
location of the communication client to the answering point.

5. The method of claim 1, wherein the updated location of
the communication client 1s recerved from the client device
along with the data of the service request.

6. The method of claim 1, wherein the updated location of
the client device 1s recerved from a location module 1mple-
mented remote from the client device.
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7. The method of claim 1, wherein the registered location
comprises a business address or a home address associated
with the communication client.

8. The method of claim 1, wherein the updated location 1s
generated based on location information received from a
position mmformation system.

9. The method of claim 8, wherein the reliability metric 1s
determined based at least 1n part on the location information
received from the position information system.

10. The method of claim 1, further comprising, ii the
reliability metric 1s below the reliability threshold, routing
the data of the service request to the answering point with an
indication that the client device 1s not at the registered
location but the updated location 1s unknown.

11. The method of claim 10, wherein the indication causes
the answering point to query the communication client for
the updated location.

12. The method of claim 1, further comprising, ii the
reliability metric 1s below the reliability threshold, blocking
the service request.

13. The method of claim 1, wherein the answering point
comprises a public-safety answering point, and the service
request comprises an emergency service call.

14. One or more computer-readable storage devices hav-
ing structions stored thereon that, responsive to execution
by one or more processors, perform operations comprising;:

maintaining a registered location of a communication

client configured for execution on a client device;
obtaining position information for the client device from
a position information system;
generating an updated location of the client device based
at least 1n part on the position information, and a
reliability metric for the updated location;
recerving a request for the updated location of the client
device from a communication service, the request from
the communication client initiated in response to a
service request mitiated at the client device;
determining whether to provide the updated location to
the communication service based on whether the reli-
ability metric for the updated location 1s above a
reliability threshold, including:
sending the updated location to the communication
service based on determining that the rehability
metric 1s above the reliability threshold; or
communicating an indication to the communication
service that the updated location cannot reliably be
determined based on determining that the reliability
metric 1s below the reliability threshold.

15. The one or more computer-readable storage devices of
claiam 14, wherein said generating the reliability metric 1s
based at least 1n part on the position information recerved
from the position information system, the reliability metric
indicating a reliability of the updated location.

16. The one or more computer-readable storage devices of
claim 14, wherein the operations are performed at the client
device.

17. The one or more computer-readable storage devices of
claim 14, wherein the operations further comprise, based on
determining that the reliability metric 1s above the reliability
threshold, providing the registered location of the commu-
nication client along with the updated location of the client
device to the communication service in response to the
request.

18. The one or more computer-readable storage devices of
claiam 14, wherein the service request comprises an emer-
gency service call from the client device, and wherein the
operations further comprise, based on determining that the
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reliability metric 1s above the reliability threshold, causing
the emergency call to be routed along with the updated
location to a public-safety answering point.

19. A system comprising:

one or more processors; and

one or more computer-readable devices storing nstruc-

tion that are executable by the one or more processors
to perform operations including:

receiving, over a network from a communication client
implemented at a client device, data corresponding
to a service request;

obtaining a registered location of the communication
client, an updated location of the client device, and
a reliability metric indicating a reliability of the
updated location of the client device;

comparing the updated location of the client device to
the registered location of the communication client
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to determine that the updated location 1s di
than the registered location; and
determining whether to route the data of the service
request along with the updated location to an answer-
ing point based on whether the reliability metric for
the updated location 1s above a reliability threshold,
including;:
routing the data of the service request along with the
updated location to the answering point based on
determining that the reliability metric 1s above the
reliability threshold; or
determining that the updated location cannot reliably
be determined based on determining that the reli-
ability metric 1s below the reliability threshold.
20. The system of claim 19, wherein the answering point
comprises a public-safety answering point, and the service
request comprises an emergency service call.
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